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During cathodic protection of a corroding met
al, elec-
trans are forced into the metal by a sacrifici
al anode, a 
battery or a rectifier. ~hese electrons, which 
constitute 
the suppressing or external current, are disch
arged (by 
+ H of the corrosive liquid) on the local cathode of the 
corroding metal decreasing the emf of the loca
l cells, and, 
thus, reducing the cell current or the rate of
 corrosion 
of the metal. This process was studied in de
tail by 
finding out the relationship existing betvJeen 
the cell and 
suppressing currents. 'l'he study was made 
uslng two cir-
cuits: the cell circuit (representing the local current) 
and circuit delivering the suppressing current
 (repre-
senting the sacrificial anode). It was found that 
there 
is a straight line relationship between suppre
ssing 
current and the cell current and the inclinati
on of the 
line depends on the nature of the cathode, sur
face treat-
ments of cathode, resistance of the cell, the 
nature and 
concentration of electrolyte and additives, on
 the pre-
sence of o2 an
d gases, temperature, and cathodic polari-
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I. D-J'I'RODUCTIOi:J 
A metal can be protected from corrosion in a liquid 
oy impressing a sufficiently negative potential on it so 
that its ions are restrained from entering the ambient 
liquid. This is called cathodic protection and can be 
achieved (a) by applying an electrical current from a 
d.c. generator or rectifier, or, (b) by connecting the 
metal to be protected with another metal which has a more 
negative (active) electrochemical potential in the same 
liquid (e.g., acid). The impressed current decreases the 
e.m.f. of the local elements. This can be explained as 
follows. 
1 
Let us take iron to be cathodically protected from cor-
rosion by zinc as sacrificial anode. When zinc 1s not 
. h F ++ . 1 . d 1 connected to 1ron, t e e 1ons eave 1ron an e ectrons 
remain on it, charging the metal negatively. Iron corrodes 
when these electrons are removed (e.g., reacting with H+). 
The removal of electrons is easiest at the site of local 
cathodes (e.g., C) where the hydrogen overpotential is low. 
~he flow of electrons into the local cathodes from iron is 
then the local cell current. On connecting iron with zinc, 
electrons are pushed from zinc into iron (because zinc has 
a higher solution pressure) 
++ 
the positively charged Fe 
which restrains (by attraction) 
from going into solution. The 
flow of these electrons constitutes the suppressing 
2 
current. Besides, this current flows mainly to the local 
cathodes (to discharge the II+), their potential approaches 
that of the iron and the e.m.f. of local cells thus reduces, 
decreasing the rate of corrosion iron. When the suppressing 
current is such that the e.m.f. of the local cells becomes 
zero and no positive ions of iron go into solution, total 
protection from corrosion lS attained. These are the 
principles of cathodic protection. 
Cathodic protection has been theoretically studied 
l 2 3 by Wagner, Hears and Brown, Stern, and others, and is 
widely used in protection of a large variety of metals in 
all soils and practically in all aqueous solutions includ-
ing sea water. 
The aim of the present investigation was to study 
the process of electron flow into the local cathodes and 
to study the relation between local current and the 
suppressing or applied current. For this purpose the 
following approach was taken. 
'rhe measurement of local current was carried out \vi th 
a model cell, consisting of a cathode (usually of Co) and 
a Zn anode. The current produced by this cell was suppressed 
by forcing electrons from a battery into the cathode of 
the cell. The relationship between the CQll current, ic , 
and the impressed current (from battery, is) was studied 
using (a) various cathodes, (b) various treatments of the 
same cathode, (c) several electrolytes, (d) electrolytes 
with additions (inhibitors), (e) several gases saturating 
the electrolyte, and (f) observing the influence of 
temperature. 
3 
Furthermore, cathodic potential measurements were made 
and the liquid circuit was simulated by a solid one, 
permitting to study more definitely the relationship be-
tween lc and is 
4 
II. LITERATURE REVIEW 
4 Sir Humphrey Davy reported in 1824 that copper can 
be successfully protected against corrosion by coupling 
it to iron or zinc recommending cathodic protection of 
copper with a sacrificial anode. The first application 
of this type of cathodic protection occurred in an under-
ground structure in England and in the U.S. at about 
1910-12. 5 
Later, attempts were made to understand the process 
of cathodic protection. 2 6 Brown and Mears, ' while explor-
ing the electrochemistry of corrosion and cathodic pro-
tection of aluminum and iron in salt solutions, used 
separate cathodes and anodes and showed the relation be-
tween potentials of these electrodes. They also laid down 
the principles of cathodic protection. At the same time, 
much work was done in practical applications of this 
. 7,8,9 
method of protect1on. 
1 Wagner developed the theory and calculated the elec-
trical potential distribution inside the electrolyte for 
typical cases of cathodic protection with a sacrificial 
anode. ~he calculations made are useful in predicting 
maximum surface area of metal which still can be protected 
cathodically. 
wagner10 also calculated the variations in local 
single electrode potentials of cathodes for two cases, 
(a) when the anode is placed in front of the cathode, and 
(b) when the anode is in the same plane as the cathode. 
P d . 11 . d ryor an Ke1r carr1e out measurements of current 
flow, weight loss and polarization, coupling aluminum or 
zinc with mild steel. ~hey observed that aluminum and 
zinc are anodic to steel and completely protect it and 
confirmed the fact that corrosion rates are controll8d by 
oxygen depolarization. They also studied the effect of 
pH and of dissolved gas concentration on corrosion rates 
12 
of steel in aluminum-steel couple. 
5 
Bianchini and Lanfranco13 measured open circuit volt-
age and short circuit current for the system Zn(Hg)/pH7 
sea water/Fe at 40°F - 100°F and observed the known paten-
tial inversion of zinc causing the most trouble at 60°F. 
The same phenomenon was reported for a steel wire/iron 
(coated with Zn) in sea water by Gerhard Schikorr. 14 
Krivian15 gave the interpretation of the fundamental 
principles of cathodic protection on the basis of the 
Pourbaix diagram and attempted to find out the relation 
between threshold value of protection potential and 
protection current densities. 
Muller16 studied t:.,.c local cell theory of corrosion 
in relation to the cathodic reactions. He concluded that 
it is possible to interpret the local cell current theory 
electrochemically by anodic and cathodic polarization 
phenomenon. He reported that both potentials are to a 
6 
large extent independent of the local current, and that 
the cathodic depolarization by oxidizing agents has prac-
tically no effect on cathodic potential if the oxidizing 
agent is quantitatively used up during depolarization. 
P 17 d . d . earson erlve an equatlon for local action cur-
rent as a function of cathodic and anodic polarization 
currents using Mliller's model of the local cell. He formu-
lated the relation between local action current ana the 
particular values of the polarization current applied 
anodically and cathodically. 
Cathodic and anodic polarization measurements of 
importance for the application and interpretation of 
cathodic protection are reported for the iron-copper 
couple and steel electrodes in soils by Schwerdtfeger and 
McDorman18 and Evans and Hoar 19 (iron in KCl), which are 
the only investigations in relation with the present work. 
7hese authors observed breaks in anodic and cathodic 
polarization curves at low current densities. Schwerdt-
18 
- 1' d t feger and McDorman plotted app le curren versus 
corrosion current for steel obtaining a straight line 
relationship. Petrocelli 20 indicated the significance of 
these curves for anodically and cathodically controlled 
processes. 
18 Schwerdtfeger and McDorman proposed that corrosion 
currents are determined largely by the resistance of the 
cathode. They also reported that the slopes of cathodic 
7 
polarization curves of a metal corroding under cathodic 
control bears an inverse relation to current required for 
cathodic protection, when the applied currents are in ex-
cess of that required to eliminate corrosion. 
21 Straurnanis and Horng measured corrosion rates of 
cobalt and cobalt rich iron-cobalt solid solution and cal-
culated the corrosion rates from intersection of cathodic 
~afcl lines with the corrosion potential line parallel 
to the abscissa. However, the corrosion rate calculated 
was larger than the observed one. The indication was that 
not the whole cathodic polarization current is going to 
suppress the local cell current, but only a part of the 
latter. 'l'llerefore, cathodic polarization current is 
letrgcr than the corrosion current. The relationship 
between the two currents is, as already mentioned, the 
subject of this thesis. No literature could be found 
concerning directly this point. 
8 
III. EXPERIMENTAL 
A. .Haterials Used in This Investigation 
The corrosion behavior of metals in any solution 
depends on many factors. The purity of metal and of the 
solution (e.g., acid) is most important. It is, therefore, 
essential to know the purity of the metals and the solution. 
The compositions of metals used is as follows. 
Zn: Zinc was supplied by American Smelting and 
Refining Co., and was 99.99% pure. 
Co: Co sheet used as electrode was obtained from 
Sherrit Gordon Mines, Inc., Alberta, Canada, and has a 











Pt: Pure Pt sheet was used to make the platinum 
electrode. 
Cu: Cu used was of electrolytic grade. 
Stainless Steel: SS304 of the following composition 






Fe: High purity zone refined iron 
C 9 ppm 
Ca 10 ppm 
Si 10 ppm 
Other impurities < 10 ppm 
'l'he Co-Fc alloys were made by powder metallurgical 
techniques. The high purity electrolytic powder of par-
ticle size was obtained from the Fisher Scientific Co. 




0.4% of the powder, evidently Fe 2o 3 was insoluble in 
H2so 4 . 
9 
The Co powder was supplied by the Sherri t Gordon i1ines, 







The ucids used during the investigation were of 
10 
reagent grade, conforming to ACS specifications. Definite 
concentrations were prepared from the reagents by dilution 
of it with distilled water. The normality was checked by 
titration. 
~he inhibitors used were also of reagent grade 
(except gelatine, which was of commercial grade). The 
vurious concentrations were prepared by dilution. 
B. Preparation of Electrodes 
The Zn electrode was made as follows. From the Zn 
metal rod about 13 mm in diameter, a 2 mm thick disc was 
cut and a clean Zn strip about 2 mm vJide was soldered to 
its back. 'fhe strip was enclosed in a glass tube which 
was sealed to the Zn piece by means of epoxy cement. The 
front surface of the Zn was exposed to the solution, the 
other sides were insulated with epoxy (Fig. la). Similarly, 
the Cu, Co, Ni, Pt, Pb and stainless steel electrodes were 
made by cutting 1 cm2 pieces from the respective metal 
sheets (Fig. lb) . 
The Fe-Co alloys were prepared by the powder 
metallurgy method. Calculated amounts of Co and Fe were 
carefully weighed on an analytical balance, and then 
mixed 1n a mortar. The mixtures were spread in a thin 
layer on the bottom of porcelain boats, which were pushed 
into a quartz tube of a horizontal furnace. High purity 
hydrogen was flushed for twenty minutes through the tube 
and then the temperature was raised to 600°C through 
continued hydrogen circulation, the hydrogen was burnt 
at the outlet by striking a flame at the tip of the tube 
11 
at the outlet. About two hours in hydrogen at 600°C should 
have reduced completely the thin oxide films present on 
the metallic particles. The furnace still under hydrogen 
circulation was cooled to room temperature. 
2.5g of the freshly reduced powders were poured 
into a round die and compressed at 160,000 psl hydraulic-
ally and the plates obtained were sintered for eight hours 
1n a hydrogen atmosphere at a temperature of about l00°C 
less than melting point of the respective alloys. The 
sintered products were cooled in the furnace to room 
temperature. 'The samples were about 13 mm in diameter 
and 3 mm thick and looked like solid metal plates. 
These plates were mounted 1n transparent lucite using 
a metallographic mounting press. Electrical contact was 
obtained by inserting a glass tube containing some drops 
of Hg into the hole drilled in the lucite and fastened 































Figure 1. Electrodes for the measurements. 
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C. Apparatus 
The double cell used for the measurement to establish 
relationship between the cell current i and the supporting 
c 
current is consisted of two parts, a 250 ml Erlenmeyer 
flask and a 50 ml flat bottom round flask (Fig. 2) which 
were fused together with a fritted glass membrane in 
between. A small tube was fused at the side of each 
flask for purglng with gases and for escape of them. 
Fig. 2 also shows the whole set including the electrical 
connections. 
For the current measurements of the cell, ic' a 
h'eston Instruments' D.C. milliammeter was used. The 
suppressing current, was measured with a Weston D.C. 
milliammeter having 0-50 nA, 0-SOO:rn.A ranges. As resist-
ances within the two circuits , a Shallcross No. 825 box 
(range 0-10,000 Q) and a Leeds and Northrup box of the 
same range were used. 
The potential measurements were carried out with a 
Hubicon potentiometer. 
u. He as uremen ts 
r.L'o carry out the measurements, about 275 ml of elec-
A magnetic trolyte were poured into a double cell. 
stirrer agitated the contents of the cell. The cell cur-
rent ( i ) produced by the couple consisted of Zn as 
c 











was delivered by the battery with Pt as anode and Co as 
cathode (Fig. 2) . The Co and Zn electrodes were ground 
before each measurement, successively with 240, 320 and 
600 grit emery papers and rinsed in distilled water, 
alcohol and dried. 
The resistance on the cell side, F1 was set at zero 
throughout the series of measurements meaning that the 
cell delivered the maximum current. When this current 
15 
reached a steady value, measurements were started, record-
ing i at various values of suppressing current i . 
c s 
This 
ct.rrent was increased in steps (by decreasing R2 ). The 
decrease ln R2 was continued until ic dropped down to 
zero. 
Plotting the cell current, i , versus suppressing 
c 
current, i , straight lines were always obtained, im-
s 
plying that the cell current decreases linearly with the 
suppressing current (Fig. 3). 
'l,o characterize the measurements, a factor named 
suppressing factor (S.F.) is introduced. 
S.F. =-l'li /l'li 
c s 
(1) 
which is the slope of the l and i plot. For instance c s 
in Fig. 3, i varies from 19.9 mli to 0 mA and l varies c s 
from 0 mi\ to 31. 0 rnA. '.i'he S. F. is then 






Figure 3. Typical suppressing current i versus 
s 
cell current i plot for polished Co 
c 
cathode in 0.3 N H2so 4 (Zn anode). 
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Fig. 3 shows a typical plot for a polished Co cathode. 
Zn acts only as the current delivering anode and does not 
influence the inclination of the line in Fig. 3. 
Table I lists the data concerning Fig. 3. The paten-
tial difference was obtained by inserting a potentiometer 
across the Zn and Co electrodes in the circuit. 
Cathodic potential measurements were also carried out, 
and they will be given later. 
The relationship between the currents was established 
by three anuneter methods as shown schematically in 
Fig. 4. It was observed that 
current (3) =current (2) +current (1) ..... ( 2) 
that is, the current at the cathode is the sum of cell 
current and suppressing current. ~he respective data are 
listed in Table II of the Appendix. 
~- The Influence of Various Cathode Characteristics on 
the Suppressing Factor 
1. ~he influence of nature of the cathode on the 
suppressing factor at high currents of the cell. It can-
not be generalized from the measurement on one metal that 
the relationship between the suppressing current and cell 
current is linear. Therefore, measurements were carried 
out with Co (deposited electrochemically from Coso 4 ), Ni, 
Pt, Pt black (deposited electrochemically from rl2PtCl4), 
TABLE I 
CELL CURRENT AND SUPPRESSII-JG CURRlmT DATA FOR 



































(2 ) ( 1) 
Cathode lmode 
Figure 4. Schematic diagram for three ammeter method. 
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stainless steel, Fe and Pb. In all cases the electron 
delivering metal (or anode) was Zn. For each case the 
measurements were repeated to see the degree of reproduci-
bility (at room temperature 23-25°C) and average values 
of S.F. were determined. Fig. 5 shows the plots for Pb, 
Fe, Co (deposited), Pt (polished and deposited), Fe, Ni 
and stainless steel cathodes in 0.3 N H2 so 4 . Tables III
 -
IV list the current data for Co (deposited) and Ni cathodes 
and Table V lists suppressing factors for Co (deposited 
and polished), Pt (deposited and polished), Ni, Pb, Fe 
and Cu (deposited electrochemically from cuso 4 ). It is 
evident from lnese tables and Fig. 5 that for all the 
cathodes (except Fe) lin8ari ty remains but the slope 
changes considerably. For instance, Pb shows S.F. of 
nearly unity while S.F. for Pt is f~r away from unity. 
Tables VI-X of the Appendix list i and i for Co c s 
(deposited), Ni, Pt (polished and deposited), Pb, Fe and 
Cu (deposited) and stainless steel cathodes. 
2. Relationship between suppressing current and cell 
current at low cell current densities. Fig. 6 shows the 
relationship obtained when the resistance, n1 is high and 
the cell current is low. 'l'he linearity in the i and i c s 
relationship is lost. As the resistance decreases 
(current increases), however, the linearity returns as ln 
the case of Co at R1 = 250, but the S.F. lS not equal to 
that at zero resistance (for polished Co in 0.3 N H2so 4 ). 
TABLE III 










S.F. = 0.525 
Co (DEPOSITED) IN 0.3 N H2 so 4 






































S.F. = 0.586 
Ni CATHODE IN 0.3 N H2so 4 
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Figure 5. i versus 1 plots for Pt polished, Pt black, c s 
Co polished, Ni, Fe, Pb, Stainless Steel and 
cu polished cathodes in 0.3 :n n 2 so 4 (Zn anode). 
Figure 6. (a) Relationship of i versus l at 25~ 
c s 
and 50~ cell resistance. 
(b) Relationship of ic versus is at 400~ 
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Figure 6 
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The data are listed in Tables XI-XIV of the Appendix. 
3. '.i'he influence of cathode composition on the 
suppressing factor. I'leasurement~3 were carried out with 
solid solutions of Fe in Co (4% and 8% Fe) and inhomo-
geneous alloys containing 20% and 50% Fe in 0.3 N H2so 4 . 
'l'he results are summarized in Fig. 7 which also contains 
the plots for pure Fe and Co. It is clear that S.F. of 
Co decreases with addition of Fe to it, including the two 
phase region, but it is significantly more for 50% alloy 
which represents a single phase. (Pure Fe does not yield 
a straight line relationship in 11 2so 4 but does so in IICl. 
The explanation is given in the discussion section). The 
data are recorded in Tables XV-XIX of the Appendix and 
Table XX surr@arizes the results. 
4. Influence of surface conditions. 
a. Influence of mechanical treatment. Rough 
26 
(filed) and polished Co electrodes were used to investigate 
the effect oi: mechanical treatment. From Fig. 8 it is 
evident that the suppressing factors for the two are nearly 
the sa me , ( 0 . 6 4 6 and 0 . 6 4 3) • 
XXII of the Appendix. 
For data see Tables XXI and 
b. Influence of chemical treatment. l'1easure-
ments were carried out for Co cathodes having had the 
follmving surface treatment: (i) etched with II1:~o 3 , (ii) 
covered with fresh Co black (deposited electrochemically 
on polished Co surface), (iii) Co deposited 
27 
64 --3--- 100% Co 0.645 
---c::r- 4% Fe-Co 0.597 
40 • 8% Fe-Co 0.545 
-.:S-- 20% Fe-Co 0.5 
36 
~ 50% Fe-Co 0.744 
• 100% Fe 0. 4 
32 ( 0. 3 !.\[ HC1) 
~ 
-!-l 28 
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Figure 7. Influence of cathode composition on the suppres-
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Figure 8. Bffect of mechanical treatment on the .S.F. of 
Co cathode in 0.3 N H2so 4 (Zn anode). 
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electrochemically on a Cu surface. For the purpose of 
comparison, a smooth Cu surface was coated with Co and 
the measurements were carried out. Fig. 9 shows the 
plots in 0.3 N H2so 4 • Evidently, the S.F. for Co de-
posited is much different from that of etched Co (0.511 
and 0.586, respectively) and also from polished Co (0.645). 
The magnitude of the suppressing current, however, depends 
only upon the e.m.f. produced by the cell, depending upon 
hydrogen overpotential of the cathode. It can also be 
seen from Fig. 9 that the suppressing factors for Co 
deposited on Co and Co deposited on Cu are nearly the 
same ( .52S and .520 , respectively). 'J.'a.Ules XXIII and 
XXIV of the Appendix list the data for Co deposited on 
Co, and etched Co, and Tables XXV and XXVI record data 
for Cu on Co on Cu. The results are summarized in 
Table XXVII. 
c. The influence of nature and concentration of 
the inhibitor. The surface conditions can also be altered 
by inhibitors present in the electrolyte. They are ad-
sorbed by the cathode (as well as by the anode) and, 
hence, change the original surface condition of the 
cathode. 
Both organic and inorganic inhibitors were investi-
gated. They were added to the 0.3 N H2so 4 in varying 
concentrations shmvn in Table XXVIII. Fig. 10, a., b., 
and c. illustrate that the S.F. o.Utained in the presence 
Fi<JUrc 9. l versus i plots for Co deposited on Cu, Co 
c s 
deposited on Co, Cu deposited on Co, and 
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Figure 10. (a) S.F. versus concentration plots for 
K2cr2o 7 and gelatin for polished Co 1n 
0.3 N H2so 4 . 





, NarJ0 2 and N-- 2 sio 3 for polished 
Co cathode in 0.3 N H2so 4 . 
(c) S.F. versus concentration plots of organic 
inhibitors (Diethylamine, Isobutylamine 
and quinoline) for polished Co cathode 








-J.-l ;).d C) 
rj 
~--· 





C) G.6 H 
0., 
D..t gelatin ::s 
(J) 0.5 
























































of K2cr2o 7 and quinoline increases significantly 
over a wide range of concentrations. Inhibitors like 
gelatine, NaN0 2 and Na 2IIPO 4 increase the S .F. at low 
concentrations, but then with increasing concentrations 
the S.F. decreases. The addition of isobutylamine and 
ua2sio3 has no significant effect on the suppressing 
factor. The S. F.'s are also sununarized in Table XXVIII 
of the Appendix. 
d. The effect of o 2 and gases. Air was driven 
out of the system by passing pure o2 through a tube into 
the electrolyte for 15-20 minutes to be sure that no N2 
was present in the system. It was found that the in-
35 
crease ln o2 concentration (100% o2 as against 21% in air) 
decreases the S.F. indicating that a stronger i is s 
required to suppress the ic in the presence of pure o 2 
than in air. This is illustrated by Fig. 11 and Table 
XXXIII where in o 2 , S.F. is 0.463 and in air 0.5. 
Deaeration was carried out by passing N2 through the 
cell. As expected, the S.F. increased. N2 was then re-
placed by H
2 
obtaining the same results as expected. 
Fig. 11 indicates that there are differences in slopes 
when N
2 
(0.629) and H2 (0.G25) were used as deaerators, 
but that may be within the limits of error. Measurements 
were carried out for Ni and Pt apart from Co at various 
concentrations of H2 so4 . The results for Co and Ni are 















-----('}-- 02 0.463 
40 ~ N2 0.629 
• H2 0.625 
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Figure 11. Influence of 0 2 , N2 and n 2 on the supprc::ssing 
factor of Co (deposited) cathode in 0.3 N u2so 4 
(Znanode). 
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Figure 12. (a) Dependence of S.F. on concentration of 
H2so4 and various atmospheres for Co 
(deposited) cathode. 
(b) Dependence of S.F. on concentration of 
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F'igure 12 
Tables XXIV-XXXII of the Appendix. It is clear from 
the tables that for Ni and Pt, the same conclusions hold: 
with o 2 the S.F. decreases while with N2 and H2 it in-
creases. 
5. Dependence on nature of the electrolyte and its 
39 
concentration. The multitude of measurements were carried 
out in 11 2so 4 . HClo 4 and HCl were also used to see for 
possible variations. Fig. 13 shows the plots for Co in 
0.3 N HCl, H2so 4 and HCl04 , and for Pt in 0.3 N H2so 4 and 
HCl0 4 . Examination of the plots and Tables XXXIV-XXXVIII 
of the Appendix reveal that suppressing currents are 
larger in H2so 4 than in HCl0 4 for Pt, while for Co the 
order reverses. 
Fig. 14 illustrates the change of slope with the 
variation of the concentrations of the electrolytes. Co 
shows stronger variations of S.F. with concentration ln 
HCl and H2so 4 (insignificant in IICl0 4 ) while for Pt, it is 
more pronounced in H2so4 . ~he data for plotting Fig. 14 
are su~ned up in Tables XXXIX and XL. 
6 . Influence of Temperature. It is well known that 
the temperature has a significant bearing on corrosion 
characteristics of metal. The effect of temperature was 
investigated by immersing the cell in a constant tempera-
ture water bath. Measurements were carried out for a 
polished Co cathode at l5°C, 25°C, 35°C, 45°C and 55°C ln 
0.1 N, 0.3 N, and 0.6 N H2so 4 . The suppressing factor 
Figure 13. lc versus is plots for polished Co in 0.3 N 
HCl, HCl0 4 and H2so 4 , and Pt in 0.3 ~ HCl0 4 
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-b-- Polished Co in H2 so4 
• Polished Co in HClo 4 
• Polished Co in HCl 
.. Pt in IICl0 4 
a Pt ln H2so4 
0.1 0.2 0.3 0.4 0.5 0.6 
Concentrations of acids (in 
Influenc.~ of electrolytes and tlwir concentra-
tions on polished Co and Pt cathodes (Zn anode). 
increases throughout with the increase in temperature 
(Fig. 15). That is, it becomes easier to suppress the 
cell current at increasing temperatures. The data for 
Fig. 15 are recorded in 7able XLI of the Appendix. 
7. The influence of distance between the electrodes 
in the cell. Measurements were carried out with Ni, Co 
and Co alloy cathodes (Zn as anode) . Three different 
distances (8-22 mm) were used. Fig. 16, a. and b., show 
the plots of the cell current and suppressing currents 
for Co alloy and Ni cathodes. It is evident that the 
maximum cell current decreases with increasing distance 
between the electrodes, while the slope, or the suppress-
ing factor remains almost unchanged. Slight changes 1n 
S.F. may be attributed to the variations of surface 
characteristics of the cathode. Tables XLII-L of the 
Appendix carry the data for all the three cathodes. 
F. Potential Measurements 
'l'o obtain the insight into the process leading to 
the direct proportionality between the cell current, ic' 
and the suppressing current, 
were carried out. 
i , potential measurements 
s 
Since the suppressing current is supplied to the 
cathode (electrons from battery passed to the cathode) 
obviously the potential of the cathode will change. 
Therefore, cathodic potential measurements were made 
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Figure 15. Influence of tewperature on S.F. of polished Co 
in 0.1, 0.3, 0.6 N II 2so 4 . 
Figure 16. (a) 1 versus 1 plots at 17 mm, 10 mm, 8 rnm 
c s 
apart, 80% Co, 20% Fe (cathode) and Zn 
(anode) in 0.3 N H2so 4 . 
(b) 1 versus 1 plots at 22 mm, 13 mm and 
c s 
8 mm apart, Ni (cathode) and Zn (anode) 
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47 
and 4.2 N KCl salt bridge arrangement shown schematically 
in Fig. 17. 
At first, open circuit potential of the cathode 
(e.g., Co) was measured. ':L'hen a high resistance, R1 , 
was switched into circuit and the current starting from 
zero was increased stepwise, simultaneously measuring the 
cathodic potentials. This procedure was continued until 
R1 was brought to zero. Then a small, measured, and in 
steps increasing suppressing current, i , was passed from 
s 
the battery and cathodic potential was correctly recorded. 
When the cell current dropped to zero, the suppressing 
current was passed beyond this point; the ammeter (2) ln 
Fig. 17 showed the current in reverse direction so con-
nections were reversed and the measurements of i , l and 
c s 
the cathodic potential were continued until a large value 




(up to 200 rnA) was 
The current density at the cathode was calculated 
as follows: 
(a) When the resistance R1 was high and the suppress-
ing current was not passed, the cathodic current density 
was cell current/cathodic area. 
(b) When R1 is zero and both l c and i s pass through 
the cathode, current density =(ic + is)jcathodic arua. 
(c) m1en cell current i reverses its direction, c 


















Cathodic potential n (reduced to H2 scale) while 
H2 was developing on the cathode was plotted against log 
(current density). The well known Tafel line was obtained 
(Fig. 18). The line was well reproducible and the Tafel 
slope could be calculated as follows: 
Take two points far apart on the cathodic polariza-
tion plot (e.g., A and Bon plot for Co). From 'l.'afel law 
we know n = a + b log i, where a is the intercept on 
voltage axis and b is the Tafel slope, n is overpotential 
and lS given by n = E - E 0 , where E is measure potential 
and E 0 is reversible potential of the electrode. 




= a + b log 80 + E 0 
n + E 0 = a + b log 2 + E 0 
''B 
-0.327 = b(log 80- log 2) = b log (40) 
b =- 0.328 
1.6 
b = -20 0 mv 
At the 
Slope constants were calculated for Pt, stainless 
steel and Co-Fe solid solutions in 0. 3 rJ 11 2so 4 ; the plots 
are shown in Fig. 18. ~ow it is interesting to see what 
will happen with the slope constant, if inhibitors were 
added to the acid. Table LI and ri'able LII I and Figs. 
18 and 19 show the results. Tables LIII-LX of the 
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Figure 19. Cathodic potential versus current 
density plots for polished Co 
cathode in 0.3 0 with NaNo 2 , 
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hppendix list the data. 
All the potential versus log (ic + is) plots repre-
sent straight Tafel lines. It follovvs from the tables 
and the figures that generally the straight lines repre-
sent the hydrogen overpotential versus current density. 
As shown by the measurements, the suppressing factor 
-6ic/6is is the smaller, the lower the hydrogen overpo-
tential (and lower the Tafel slope). 
From this relation it seems that the hydrogen over-
potential 1s in essence a resistance (resistance over-
potential). In order to substantiate this approach, a 
solid circuit was built to simulate the liquid circuit 
(Fig. 20). 
G. Liquid Circuit Simulation by a Solid Circuit 
In this circuit, the cathode of Fig. 2 was replacea 
by a resistance and the electrolyte was eliminated. How-
ever, since current sources are necessary within --~de cir-
cuit, E , representing tile cell, and E2 the stronger 1 -
battery producing the suppressing current, were retained. 
'J:'he arranger.1ent is shown in Fig. 20, where :K3 represents 
the resistance at any catiwde (Co, Pt, etc.) surrounded by 
the electrolyte. R1 and R2 corres?ond to the r2sistances 
as in Fig. 2. 
was The ic resulting from various values of R3 and R1 











A straight line relationship was obtained with slopes com-
parable to-~ic/~is working with an actual cathode (Fig. 21). 
A few observations are as follows: 
(1) With increasing R1 (R 3 constant) the slope 
-~i /~i decreases (Table LXI). 
c s 
(2) With increasing R3 , the slope increases (Table 
LXI). 
(3) Increasing R1 and R3 simultaneously, the slope 
increases (Table LXI) implying that R3 is more effective than 
R1 . ~his behavior speaks in favor of the resistance over-
potential. Thus, if the potential of cathode at which H2 
is developed be regarded as resistance overpotential, an 
experiment was tried in which R1 was kept constant and the 
cell current varied by R3 alone. Plotting R3 x ic against 
the measured i , an exponential relationship vlas obtained 
c 
(Fig. 22). The data are recorded in Tables LXII -LXIII of 
the Appendix and the results are discussed in the next 
chapter. 
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450 Rl R3 S.F. 
~ l 4 0.80 
400 
----
l 6 0.820 
• l 7 0.880 
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IV. DISCUSSION 
A. Electrochemical Nature of Corrosion and the Local 
:Clement 'Theory 
Corrosion of active or ordinary metals in aqueous 
solution is electrochemical in nature. The electrochemical 
theory states that the metals corrode due to formation 
of local cells on their surfaces. The cells consist of 
a common anodic area where the metal goes into solution 
(corrosion) and of small or more extended cathodic areas 
where the respective reduction of ions occurs. 'To illus-
trate this, let us take a divalent metal corroding in an 
acid. All metals, even the purest, contain some impuri-
ties in varying amounts. The impurities, if they are 
nobler than the corroding metal, form local cathodes on it. 
Immersing such a divalent metal into an acid, the follovv-
ing reactions take place. 
Anodic reaction (oxidation) ++ M-+ M + 2e (l) 
Cathodic reaction (reduction) 2H+ + 2e-+ 2H (ads)-+ H2 
( 2) 
In the anodic reaction the corroding metal forms the 
ions, which go into solution leaving the electrons on the 
surface. For the corrosion to proceed, these electrons 
have to be discharged, as otherv;ise there would be no 
59 
corrosion, as in pure metals. In impure metals, these 
electrons (Eq. 1) are discharged at the impurity sites which 
thus become local cathodes. The discharge on them occurs 
according to .E:q. (2) because of the low H2 overpotential on 
the cathode. 
Therefore, the rate of chemical corrosion is determineJ 
by the flow of the local currents, which are produced by 
the potential difference between the common anodic and 
separate cathodic sites. 
~V'hen corrosion occurs, there is a reduction of hydro-
gen ions at the cathode (Eq. 2) which requires some activa-
tion energy 22 or there is a retardation in reaction (Eq. 2). 
~his causes a cl1ange in cathodic potential which can be 
expressed by 
n = a - s8 log i ( 3) 
where n is the hydrogen overvoltage, a is a constant, Bli is 
also a constant called the Tafel constant, and i is ~1e 
+ d . current equivalent to the rate of H re uct1on. Equation 3 
is known as a Tafel equation. If the potential 1s plotted 
against the logarithm of current (density), and if there 
are no side reactions, a straight line results. This 
straight line RC is shown in Fig. 23 and is obtained frmr'. 
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Figure 23. Polarization diagram for corroding metal system. 
During corrosion, which is oxidation of t11e ne te1l, 
(Eq. 1) , the anodic reaction results again 1n a polariza-
tion curve, which, 1n a plot of potent:: ,_~ ver:::;us l•Jg i, 
results in another straight line, OC (Fig. 23). 
23, it can be seen that on passage of local current, the 
cathodic potential drops an:~ anodic potential increases 
and at the point C whe:r.~ >:.he::{ see:--.! to i:~tersect ( actuall~', 
the never lnt2~3ect, only approac~ each other), is 2~ ~rd-
the steady state potential, ~ . 
corr 
The rc-ing to Evans, 




D. Principles of Cathodic Protection and Explanation of 
the Lxperimental Circuit 
During cathodic protection of the basic metal, it is 
made cati:1odic by passing electrons to it. '..l'o illustrate 
this by some example, we will take Fe (or Co) corroding in 
an aqueous medium to be protected by Zn. Prior to coupling 
them, Fe (or Co) will corrode (Eq. 1 and 2). On connecting 
Zn to Fe (or Co), electrons from Zn will be pushed into Fe. 
~his flow of electrons constitutes the external or suppres-
sing current, i 1 which shifts the potential of Fe or Co s 
to more negative values so that the Fe (or Co) ions are 
restrained from going into solution. Besides the electrons 
are discharged at local cathodes on the surface of Fe. 
According to Fig. 2 3, the potential of the local cathodes 
on Fe becomes more negative approaching the potential of Fe 
and the latter is protected from corrosion since the 
corrosion current ic tends to zero. Instead of Fe, Zn 
corrodes. A complete protection will be achieved when no 
Fe ions are allowed to go into solution (no potential 
difference between Fe and the local cathodes). 
Now this same effect can be achieved by connecting the 
corroding Fe with the negative terminal of a battery, as 
shown in Fig. 24. 
E R mZ\. 
Pt 
Figure 24. Cathodic protection system using a battery. 
The electrons from the battery work as those supplied 
by Zn in the previous example. ~he explanation of the 
retardation of the corrosion of Fe (or Co) is the same. 
In the circuit used in the present investigation, 
the local cell is made of a Zn anode (to have more stronger 
cell current i ) and of Co, Pt, Fe, etc. catho<.les. The 
c 
electrons are passed from a battery using a Pt anode in 
the same electrolyte to the cell Zn-Co, Fe, etc. 'l'h us' 
the local or cell current is here represented 0y the 
62 
current between Zn anode and the cathode (Co, Pt, Fe, etc.), 
and the suppressing current by that from the battery. 
As the current l is increased on the suppressing side, 
s 
electrons are pushed towards the cathode (Co, Fe, etc.) which 
becomes more negative. As the local cell current 
also flowing ln the same direction (shown by 3 ammeter 
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method), it helps to decrease the potential difference be-
tween the Zn and Co. The potential of Zn increases only 
slightly. Hencer the current, lc' between them decreases 
and the protection of not only Fe (or Co, etc.), but also 
of Zn is achieved (since the cell current l becomes zero), 
c 
and the battery current is protects both of them. '.I'he total 
cathodic current density in Eq. (3) should, therefore, be 
replaced by the sum of i , i and i 1 ; the externally s c c 
applied current, the cell current, and the local cell cur-
rents, respectively. The three are obviously not inde-
pendent of each other. However, in the pres~nt arrangement 
using pure metal cathode, ilc can be neglected. 
Eq. ( 3) ~2 can be written in a more general form 
lienee, 
( 4) 
Eq. (4) is consistent with the horizontal portion of 
the cathodic curve P in Fig. 23. Since i is f (i ) , the c s 
potential will not change significantly until the external 
current approaches values of the same order of magnitude 
of the cell current. With no external applied current, 
(i = 0), n is equal to corrosion potential on the hydrogen 
s 
overvoltage scale and i equals corrosion current. 
c 
It is apparent from Eq. (4) and Fig. 23 that at rela-
tively high values of applied current densities, is' the 
latter begins to approach actual cathodic current, 
64 
since the corresponding cell current l becomes negligible. 
c 
~hus, curve P falls on the hydrogen reduction curve (Tafel 
line) . 
C. Anomalous Behavior of Fe in I12S04 
On examining Fig. 6 and Fig. 8, one observes that 
except for Fe, all the cathodes examined yield a straight 
line relationship between ic and is in H2so 4 . Fe does 





This behavior can be attributed to the formulation of a 
protective film produced during electrolysis of the electro-
lyte. In the present case, both ferrous and ferric 
chloride layers which may be formed in llCl, are much more 
soluble than the sulphate layers formed in il2 so 4 • 'l'his 
sulphate layer hinders the reaction at the electrode inter-
face and yives the anomalous behavior. 
D. ~xplanation of Results on the Basis of a Solid Circuit 
In the solid circuit of Fig. 20, the electrodes are 
replaced by resistances and the emf between them by a cell 
1.',1. E 2 represents the battery. R1 represents the resis-
tance of the ~n electrode circuit, and R3 that of electro-
lyte and cathode, whereas R2 represents the resistance of 
the battery circuit of the electrolyte and the Pt electrode 
(Fig. 20). 
From Fig. 21, it can be seen that a straight line 
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relationship between i and i is obtained with a compar-s c 
able slope. Furthermore, as R3 increases, the slope also 
increases (keeping R1 and E1 constant) . It follows from 
Fig. 22 that the relationship between R3 x i against i lS c c 
exponential or that R3 x i versus log i is a straight c c 
line as in a Tafel plot. These evidences are sufficient 
to show that the circuit is analogous to the actual liquid 
circuit and that the slope of i versus i in the latter s c 
case is governed by resistance overpotential (represented 
by R3 in both circuits). 
Now let us attempt to solve the circuit of Fig. 20, 
b . h t" 23 y us1ng mes equa 1on 
We are interested in decrease of 1 as a function of i c s 







Plotting i against i , a straight line relationship 
c s 
similar to the one for the liquid circuit will be obtained 
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cell current axis. Table LXIV of the Appendix lists 
the calculated values of the slope in comparison with the 
values obtained experimentally with solid circuit. It can 
be seen that there is a good agreement. Thus, all the con-
elusions regarding variations of slope with R3 and R1 such 
as with increasing R3 , slope increases, and with increasing 
n1 , slope decreases, hold good. 
We are interested in finding out the values of R3 for 
different metals in the liquid circuit. For this we 
analyze ~q. (7) for solid circuit and apply the results 
to liquid circuit. 
known. We can find the value of ~l at various values of 
i and i 
s c 
Table LXV of the Appendix lists the 2 1 values 
for a typical case from which it can be seen that E remalns 
almost constant or varies only slightly with decreasing 
l The same conclusions can be drawn from applying the 
c 
boundary conditions as it follows from Eq. (7). 











isR3 E = l 






( 9 ) 










can be concluded that B1 remains almost constant or changes 
only slightly. 
Knowing E1 value, the R3 and R1 for various cathodes 
can be calculated by substituting E1 , i , i in Eq. c s (7) and 
solving two simultaneous equations as is shown below for 
a Co (polished) cathoae in 0. 3 N H2so 4 . ('rhe E1 for U1is is 
obtained by connecting a voltmeter in the cell side when 





26 8 7.5 
Solving Eqs. (11) and (12), we have 
(11) 
( 12) 
Table LXVI of the Appendix lists R1 , R3 and E1 values 
for some cathodes under the conditions specified. 
The plot of i x R3 versus i for a solid circuit is c c 
found to be exponential in the positive direction while 
for liquid circuit measurements, it is in the negative 
direction. This may be explained by saying that in the 
former case the potential is not measured directly, only 
the product ic x R3 a positive value is plotted against 
positive i . 
c 
In the actual circuit, the double layer of 
electrons on the cathodes gives rise to negative potential 
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which is measured by the capillary and reference electrode. 
Thus, a negative value of cathodic potential is plotted 
versus i • 
c 
In the liquid circuit, the slope was dependent on the 
Tafel, or the overpotential constant. From the above 
reasoning, i-t follows that the potential of the cathode 
follows as resistance R3 as it is in a solid circuit. 
Hence, the hydrogen overpotential represents mainly a re-
sistance. 
V. SUHHARY AND CONCLUSI01'JS 
A straight line relationship exists between the cell 
current, ic, and the suppressing current is, for cathodes 
of Co, Pt, Ni, Pb, Cu, stainless steel and Co-Fe alloys, 
Zn serving as an anode in low concentration acids (IICl, 
For a certain metallic cathode the suppressing factor 
<- L'li I L'li 
c s S.F.) is not a constant but depends on various 
properties of the cathode. A cathode nade up of metal 
deposited electrochemically has a lower suppressing factor 
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than polished and etched cathode. 'I'he mechanical treatments 
do not influence S.P. significantly. 
For different cathodes the suppressing factors are 
different. Pb cathode has a S.F. of 0.975 while Pt black 
has 0.439. Generally, the cathodes with high hydrogen 
overpotential have a high S.F. implying that the current 
required to suppress the cell current is low. 
For Co-Fe alloys, the S.F. decreases with addition of 
Fe to it including the two phase region but is significantly 
more in single phase region. 
Oxygen has a pronounced effect of decreasing the S.F. 
r nhibi tors like i\i a 2IIPO 4 , NaUO 2 , quinoline, and I< 2Cr 2o 7 
increase the S.F. while Isobutylamine and Diethylamine do 
not have significant effect. 
The S.F. also depends on the nature of the electrolyte 
70 
and its concentrations. The S.F. of Co in H2 so 4 , HCl, and 
liClo 4 is different. Concentration of acid has pronounced 
effect for Co in HCl and H2so 4 and for Pt in H2so 4 . 
The temperatures tend to raise the S.F. while the 
distance between anode and cathode has no influence on the 
S.F. 
The S.F. increases as the slope of cathodic polariza-
tion curve (~afel slope) increases. The overpotential 





The Appendix contains all the data necessary for 
plotting Figures 3 and 5-19. 
Tables III-X contain cell current and suppressing 
current data for Co (polished and deposited), Pt (polished 
and black), Ni, Fe, Cu and Pb. 
Tables XI-XII contain data for low current densities 
of the cell. 
Tables XVI-XX contain data for various Fe-Co alloys. 
7ables XXI-XXVII contain effect of mechanic~l and 
chemical treatmens on S.F. 
Table XXVIII reveals effect of inhibitors. 
Table XXIV-XL contain effect of electrolyte and c~~-
centration on Co and Pt cathodes. 
Table XLI contains temperature effect on S.F. 
Tables XLII-XL show effect of c~istance between e_1_cc-
trades on S.F. for Co, 20% Fe-Co and i\ii cathodrc';. 
Tables LI-LXIII contain cathodic polarization data. 
Table LXIV contains variation of S.F. with R1 












DATA FOR 3 AIV\ME'l.'ER METHOD FOR 
RELA'l'IONSHIP OF THE CURRENTS 
Current ( 2) 
m.A 
13 





















SUPPRESSING FliC'l.'ORS FOR Co (POLISHED ill'-W DEPOSITED), 
Pt (POLISH.8LJ AND BLACK), S'l,AINLESS STEEL, Fe, C1..1, Pb 
CATHODES IN 0.3 N H SO 2 4 





black 0. 439 Stainless steel 
(deposited) 0.525 Co (polished) 
(deposited) 0.54~ Fe 
(polished) 0.540 Pb 
TABLE VI 
SUPPRESSING CURREH'l, VS. CELL CURRENT DATA 
FOR Co (DEPOSITED) CNI'HODE IN 0. 3 .lJ H2 SO 4 






Suppressing Cell Current Suppressing Cell Current 
Current, l l Current, i i 
s c s c 
rnA mA rnA m.i\ 
o.o 32.5 30.0 18.3 
5.0 31.0 35.0 15.0 
10.0 28.3 40.0 12.1 
15.0 25.6 50.0 6. 7 
20.0 23.6 55.0 4. 1 
25.0 20.5 63.0 0.0 
s.F. = 0.525 
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TABLE VII 









S.F. = 0.586 
FORNi CATHODE IN 0.3 N H2 so 4 

































S.F. = 0. 540 
FOR Pt CATHODE IN 0.3 N H2 so 4 




























SUPPRESSING CURRENT VS. CELL CURRENT DATA 
FOR Cu (DEPOSITED) CATHODE IN 0.3 N H2 so4 






























SUPPRESSING CURRENT VS. CELL CURREclT DATA 
FOR Pb CATHODE HJ 0. 3 N H 2 SO 4 




















RELATIONSHIP BETHEEN SUPPRESSING CURREN'I' AND CELL CURRENT 
AT LOW CELL CURRENT DENSITIES I~J 0 ~ L • .J N H2SO4 
CATHODE: Co POLISHED; AREA: 1 cm2 ; RESISTAl.JCE Rl: 10 0 0 ~2 
Suppressing Cell Current Suppressing Cell Current 
current, l i Current, i i s c s c 
mA mA In.t-'\ mA 
0. 0 0.375 5.0 0.115 
1.0 0.28 6.0 0.09 
2.0 0.25 7. 0 0.06 
3.0 0.19 8.0 0.04 
4. 0 0.15 10.0 0.0 
TABLE XII 
:RELATIONSHIP BET~qEEN SUPPRESSING CURRENT .AND CELL CURREN'l' 
AT LOW CELL CURRENT D:t;NSI'TIES I.N 0. 3 N H 2so 4 
2 CATHODE: Co POLISHED; ARBA: 1 em ; R.ESIS'l'Al\lCE R1 : 40 OS2 
Suppressing Cell Current Suppressing Cell Current 
Current, i l Current, l l s c s c 
mA rnA. mA rnA 
0.0 0.825 10.0 0.37 
1.0 0.71 12.5 0.25 
2.0 0.590 15.0 0.20 
3.0 0.530 20.0 0.175 
5.0 0.475 25.0 0.025 
7.5 0. 39 0 26.0 0. 0 
':CADLE XI I I 
RELATIONSHIP BETWEEN SUPPRCSSING CURRENT AND CELL CURREN'I' 
A'l, LOW CELL CURRENT DENSITIES IN 0. 3 N H 2
so
4 
CATHODE: Co (POLISHED); AREA: 1 cm2 ; RESISTMJCE R 1
: 50~ 
Suppressing Cell Current Suppressing Cell Current 
Current, ]. ]. Current, i i s c s c 
rnA rnA ml\ mi\ 
0.0 4.0 20.0 1.2 
2.5 3.55 25.0 0.52 




R.ELA'I'IONSHIP BETWEEN SUPPPJi:SSING CURREN'I' &~D CLLL CURl~di' 
Nf LOW CELL CURRENT DEi.\JSI'I'IES IN 0. 3 i.~ H 2 so 4 
2 



































SUPPRESSING CURRENT VS. CELL CURRENT DATA 
FOR 4% Fe-Co CATHODE IN 0.3 N H2 so4
, 





































SUPPRESSING CURRENT VS. CELL CURRENT DATA 
FOR 8% Fe-Co CATHODE IN 0.3 U H2so 4 , 
ARBA: 
Suppressing Cell Current 
Current, l l 
s c 
mt\ mA 



























SUPPRESSING CURRENT VS. CELL CURRENT DATA 



































S.F. = 0.50 
TABLE XVIII 
SUPPRESSING CURRENT VS. CELL CURRENT DATA 
FOR 50% Fe-Co CATHODE IN 0.3 N H2so 4 , 









































SUPPHESSING CUHRENT VS. CELL CURREN':::' DA'l'A FOR 





































































Ii::JFLUENCE OF HECHANICAL TREATHI..;NT ON SUPPRESSING FACTOR IN 
0. 3 N H2 so 4 , CATHODE: Co, AREA: 1 cm
2








































































SUPPRESSING CURRENT VS. CELL CURRENT DA'l'A FOR 
Co (DEPOSITED) CATHODE IN 0.3 N H2so4 




































SUPPRESSING CURRENT VS. CELL CURRENT DATA FOR 

































SUPPilliSSH..JG CURREl'J'.1' AL"\JD CELL CURREWl' DA'l'A FOR 










































SUPPRESSIUG CU:r·U~:G~~T 1\...,JD CELL CuRH.EN'J:' DATil. FOH 




































'l'ABLE XXVI I 






IN 0.3 N H2 so4 
Treatment 
Deposited 
Deposited on Cu 
Etched 








'.i'ABLE XXVI I I 
'.i'Irt~ DJFLUEUCE OF NATURE Ai~D CONCENTRATIOlJ OF Ii:JHIBITOR O:N 
S.F. OF POLISHED Co CATHOD:i: IN 0.3 N H2 so4 (Zn ANODE) 
Inhibitor Concentration S.F. 
Gelatin 0 g/1 0.645 
0.2 g/1 0.694 
0.4 g/1 0.704 
1.0 g/1 0.714 
2.5 g/1 0.694 
4.0 g/1 0.675 
5.0 g/1 0.666 
N ai:JO 0 ppm 0.645 2 100 ppm 0.63 
200 ppm 0.69 
300 ppm 0.73 
500 ppm 0.80 
600 ppm 0.74 
800 ppm 0.73 
Ua 2sio3 0 
ppm 0.645 
100 ppm 0.67 
200 ppm 0.6 
300 ppm 0.60 
400 ppm 0.61 
500 ppm 0.61 
600 ppm 0.60 
N a 211PO 4 0 
ppm 0.645 
100 ppm 0.67 
200 ppm 0.8 
300 ppm 0. 79 
400 ppm 0.68 
500 ppm 0.62 
600 ppm 0.60 
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TABLE XXVIII (CONTINUED) 
Inhibitor Concentration S.F 
Quinoline 0_3 0.645 
lxlO _ 3 moles/litre 0.75 5xl0_ 2 moles/litre 0.77 2xlo_ 2 moles/litre 0.78 5xl0_ 1 moles/litre 0.83 5xl0_ 1 moles/litre 0.98 2xl0 moles/litre 0.98 
D i2thylamine 0 0.645 lxlO=~ moles/litre 0.68 
5xl0_ 2 moles/litre 0.66 4xl0_ 2 moles/litre 0.7 5xl0_ 1 moles/litre 0.72 10 moles/litre 0.76 
Isobuty lamine 0_3 0.645 
5xlo_ 3 moles/litre 0.64 10_2 moles/litre 0.61 
10_1 moles/litre 0.60 
10 moles/litre 0.62 
K2Cr2o7 0 
0.645 
0.25 g/1 0.62 
0.50 g/1 0.66 
1.0 g/1 0.70 
2.0 g/1 0.80 
3.0 g/1 0.84 
5.0 g/1 0.86 
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TA::JLE XXIX 
SUPPRESSING CURREWr Al'-J"D CELL CURRENT DATA FOR 
Co (DEPOSITED) CATHODE IN 0.3 N H2 so 4 
DEAERATED BY H
2 









































SUPPRESSING CURREiJT At\JD CELL CURRL:L~T DATA FOR 
Co (DEPOSITED) CATHODE h.! 0.3 N H2so 4 








































SUPPRESSHJG CURRENT AND CELL CURRENT DATA FOR 













































SUPPRESSING CURRENT .AL"JD CELL CURRENT DATA FOR Co (POLISl-iEU) 





































Il~FLUENCE OF 0 2 AND GASES ON THE SUPPRESSit-JG FACTOR 









SUPPRESSING CURRENT AND CELL CURRENT DATA FOR 












































































SUPPRESSING CURRENT VS. CELL CURRENT DATA FOR 
2 
POLISHED Co IN 0.3 N H2so 4






























'l'ABLE XXXVI I 
SUPPRESSING CUHRBNT VS. CELL CURRENT DATA FOR 













































s.F. = 0.59 




























THE INFLUENCE OF ELECTROLYTES AND THEIR CONCEN'l,RA'l'IONS 
ON S.F., CATHODE: Pt, AREA: l 
Electrolyte Concentration (N) 
H2so 4 0.1 
H2so 4 0.2 
H2so4 0. 3 
i:-12S04 0.4 
H2so 4 0.5 
HCl0 4 0.1 
HCl0 4 0.2 
HCl0 4 0.3 
















THE INFLUI.::NCI: OF EL:CC'l.'ROLYTES 1\ND THEIR CONCENTRA'l:'IONS 
ON S.F., CATHODE: Co (POLISHED), 
AREA: 1 cm2 
Electrolyte Concentration S.F. 
(N) 
H2so 4 0.1 0.58 
H2so 4 0.2 0.62 
H2so4 0.3 0.64 
H SO 2 4 0.5 0.61 
HCl0 4 0.1 
0.575 
HC10 4 0.2 
0.570 
HCl0 4 0. 3 
0.560 
HCl0 4 0.5 
0.520 
HCl 0 . l 0.45 
HCl 0.2 0.44 
HCl 0.3 0.47 
HCl 0.5 0.48 
TABLE XLI 
THE INFLUENCE OF TEMPERATURE ON S. F. 
CA~BODE: POLISHED Co, AREA: 1 cm2 , ELECTROLYTE: 
Concentration Temperature 
(N) 
0.1 N 15°C 
0.1 N 25°C 
0.1 N 35°C 
0.1 N 45°C 
0.1 N 55°C 
0.3 N 15°C 
0. 3 .N 25°C 
0.3 i.\I 35°C 
0.3 N 45°C 
0.3 N 55°C 
0.6 N 15°C 
0.6 N 25°C 
0.6 lJ 35°C 
0.6 N 45°C 
0.6 t~ 55°C 



















SUPPRESSING CURRENT Al:\ID CI~LL CURRENT DATA FOR 
Co (POLISHED) CATHODE 13 mm APAR'r FROM ANODE IN 



































SUPPRESSING CUI~REN'l' AND CELL CURRENT DATA FOE 
Co (POLISHED) CA'THODE 17 mm APART FHOM Ai\JODI.: IH 


































SUPPRESSING CURRENT Ai-JD CELL CURREi'JT DA'I'A FOR 
Co (POLISHED) CATHODE 21 mm APART FROM ANODE IN 

































SUPPllliSSING CURREN'l AHD CELL CURRENT DATA FOIZ 20% 






































SUPPH.:ESSING CURllliNT AND CELL CURRENT DA'l'A FOR 20% 
Fe-Co CA'::L'HODL 10 mm APART FROM ANODE (Zn) IN 0. 3 N H2 so 4 , 





































SUPPHESSING CURREnT AL'\JD CELL CURREN'.:L' DATA FOR 20% 
Fe-Co CATHODE 17 rnrn }\PAR'l' FROH A:'JODE ( Zn) IN 0. 3 N u 2SO 4 , 





































SUPPRESSING CURREN'l, AND CELL CURRENT DATA FOR N i CATHODB 


































SUPPRESSING CURRENT AL;rD CELL CURRI::N'l' DATA FOR lJi CA'1'1iODI_; 
13 nun APART FRO.r-1 ANODE IN 0.3 H H2so 4 , 





































() • 0 
98 
TABLE L 
SUPPRESSING CURREHT AND CELL CURREN'l' DATA FOR Ni CATHODE 
2 2 mm APART FR011 ~Z'll'JODE IN 0 • 3 N H 2 SO 4 

































SUPPRESSING FACTORS AND TAFEL SLOPES FOR VARIOUS 
CATHODES IN 0. 3 U I~ SO 4 
Calculated 
Tafel Slope 
Cathode S.F. mv 
Pt 0.505 
-28.0 
8% Fe-Co 0.545 -140 
4% Fe-Co 0.597 -165 
Stainless Steel 0.606 -185 
Pure Co. 0.645 -200 
TABLE LII 
SUPPRESSING FACTOR AND TAFEL SLOPES FOR CO IN 
Inhibitor 
4g/l Gelatin 
3 0 0 ppm NaN02 

















































































= 1 ern 
Current Density Potential 
H 2 Scale 






15 -0. 0 79 
20 -0. 0 79 
30 -0.079 
35 -0.087 














































































-2 7. 5 
-31.8 



























































CATHODIC POLAH.IZA'l'ION DA'i'A FOI~ 4% Fe-Co CATHODE 
Suppressing Cell Current 




























Area of Cathode = 1.538 2 em 
Current Potential 
Density H2 Scale 

























































































2 1 em 
Current Potential 
Density H2 Scale 
rnA/em 2 Volts 
0 -0.059 
2 -0.310 

























CATHODIC POLARIZATION DA'I'A FOR Co (POLISHED) CA'I'HOD:L: 
Suppressing Cell Current Current l?otential 
Current, i i Density H2 Scale s c 
rnA mA mA/crn 2 Volts 
0 0 0 -0.160 
0 2 2 -0.351 
0 5 5 -0.433 
0 8 8 -0.476 
0 10.0 10.0 -0.497 
0 15.0 15.0 -0.528 
0 18.0 18.0 -0.545 
0 19. 8 19.8 -0.549 
2.5 18.0 20.5 -0.559 
5.0 16.1 21.1 -0.564 
7.5 14.4 21.9 -0.570 
10.0 12.8 22.8 -0.576 
15.0 9.5 24.5 -0.584 
20.0 6.3 26.3 -0.533 
25.0 3.0 28.0 -0.593 
31.0 0.0 31.0 -0.599 
35.0 -2.0 33.0 -0.603 
40.0 -4.1 35.9 -0.613 
50.0 -7.1 42.9 -0.624 
60.0 -10.2 49.8 -0.640 
70.0 -13.0 57.0 -0.650 
80.0 -16.5 63.5 -0.661 
100.0 -22.7 77.3 -0.668 
122.0 -31.0 91.0 -0.675 
150.0 -46.0 104 -0.682 
175.0 -58.0 117 -0.690 
of cathode 1 2 Area = ern 
106 
'J.,ABLE LVI I I 
CA'rdODIC POLARIZNJ.,ION DATA FOR Co It" 0. 3 -q IJ co ' ;_·, 12 u 4 
WITH 4 g/1 GELATIN INHIBITOR 
Suppressing Cell Current Current Potential 
Current, i i Density H2 Scale s c 
rnA rnA rnA/em 2 Volts 
0 0 0 -0.073 
0 2 2 -0.296 
0 5 5 -0.359 
0 8 8 -0.405 
0 10 10 -0.429 
0 15 15 -0.453 
0 20.5 20.5 -0.479 
2.5 18.9 21.4 -0.481 
5.0 16.9 21.9 -0.488 
7.5 14.9 22.4 -0.489 
10.0 13.0 2 3. 0 -0.497 
15.0 9.5 24.5 -0.499 
17.5 7.8 25.2 -0.507 
20.0 5.9 25.9 -0.512 
22.5 4.0 26.5 -0.514 
25.0 2.0 27.0 -0.519 
26.5 0 28.5 -0.529 
35.0 -4.0 31.0 -0.536 
40.0 -6.4 33.6 -0.545 
50.0 -10.3 39. 7 -0.553 
60.0 -14.0 46.0 -0.571 
80.0 -17.8 62.2 -0.593 
100.0 -29.0 71.0 -0.611 
Cathode 1 2 Area of = em 
TABLE LIX 
CA'l'liODIC POLARIZNl'IOi~ DATA FOR Co IN 0. 3 N H2 SO 4 
1;H'l'II 30 0 ppm N aH02 INHIBI'I'OR 
























































































































CATHODIC POLARIZA'riON DATA FOR Co IN 0. 3 N n 2so 4 























































= 1 em 
Current Potential 
Density \"-1 
-" 2 Scale 

















2 3. 0 -0.557 
26.0 -0.563 




















INFLUENCE OF R1 AND R3 ON THE SUPPRESSING FACTOR IN 
SOLID CIRCUIT AND SUPPRESSING FACTORS 
CALCULATED FROM eqn. 7 
Observed Calculated 
R3 S.F. S.F. 
4 0.8 0.795 
5 0.820 0.825 
6 0.850 0.853 
7 0.880 0.871 
9 0.90 0.90 
11 0.91 0.915 
2. 3 0.54 0.54 
2.3 0.41 0.41 
2. 3 0.210 0.210 
2.3 0.310 0.31 
6.0 0.41 0.43 










































icxR3 Vs. lc DATA FOR SOLID CIRCUIT AT R1 = 3 
icR3 R3 icR3 
mV r2 mV 
618 11 1485 
690 12 1500 
882 14 1554 
1024 16 1600 
1130 18 1638 
1224 20 1640 
1295 22 1662 
1360 24 1680 
















































SUPPRESSING CURRENT, CELL CURRENT AND VOL'l'AGE 
DATA FOR SOLID CIRCUIT *t 
(E ) 1 
Suppressing Cell Current Voltage (Cal) 
Current, l l E volts 
s c 
rnA rnA 
0 187 1.87 
10 178 1.87 
20 170 1.88 
50 143 l. 88 
100 98 1.88 
125 76.5 1.882 
150 53.5 1.882 
175 30.0 l. 875 
200 9.0 1.890 
210 0.0 l. 890 
*E values calculated from Eq. (7). 
i12 
TABLE LXVI 
CALCULATED VALUES OF Rl 1\l~D R 3 FOR VARIOUS CA'l'rlODLS 

















0. 3 ·~'J H SO 2 4 
0.3 H H2so 4 
0. 3 ~~ H2 So 4 
0.3 i~ H2so 4 
H2 so 4 
n2 so 4 + 4% 
gelatine 
n2so 4 + 300 
ppm L\f al'JO 2 
H2 so 4 + 
5 x 10-3 m/1 
quinoline 
n2 so 4 + 3 




























0.174 5.675 3.125 
0.170 6.96 2.7 
0.335 9.65 2.95 
0.222 10.0 3.15 
0.555 11.7 5.7 
0.078 19.7 0. 5 
















0. 9 75 
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